5. FURTHER ANALYSES OF ROUND TWO POLLUTANTS

5.1 INTRODUCTION

Chapter 4 presented the risk assessments used in the Comprehensive Hazard Identification
to evaluate the list of candidate pollutants for the Part 503 Round Two regulation. In that
Chapter, results are presented only for those pollutant-exposure pathway combinations for which
all pollutant-specific data are available. Examples of pollutant-specific data are plant-uptake
slopes for different crops; animal uptake slopes for livestock, poultry, etc.; distribution
coefficients (K,;s); and human and ecological toxicity values. In this chapter, the candidate
pollutants that warrant further consideration for the final list are presented. For each pollutant,
the critical pathways, defined as exposure pathways for which the carcinogenic risk is 1 x 10*
or higher, the ratio of exposure to the Risk Reference Dose (RfD) is one or greater, or the
ecological risk quotient (RQ) is one or greater, are summarized.

5.2 POLLUTANTS THAT WARRANT FURTHER CONSIDERATION

Based on the results of the risk assessments of the Comprehensive Hazard Identification,
12 pollutant candidates have critical pathways for land application and five pollutant candidates
have critical pathways for surface disposal. These pollutant candidates and their critical
pathways are summarized below in Exhibits 5-1 and 5-2, respectively. None of the inorganic
pollutants evaluated had a critical pathway for incineration.
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EXHIBIT 5-1
Pollutants with Critical Land Application Pathways

Pollutant Critical Agricultural Pathways | Critical Non-Agricultural Pathways

Aluminum 6 6 (for., rec., pub.)

Antimony 7, 14 7 (for., rec.); 10 (for., pub.); 14 (for., rec.,
pub.)

Barium 7, 10, 14 7 (for., rec.); 10 (for., rec., pub.); 14 (for.,
rec., pub.)

Beryllium 14 14 (for., rec., pub.)

Boron 6 (for., pub.)

Dioxins and 2, 3,10, 12, 13, 15 3 (for., rec., pub.); 10 (for., rec., pub.); 12

Dibenzofurans (for., rec., pub.); 13 (for., rec., pub.);
15 (for., rec., pub.)

Fluoride 6, 10 6 (for., rec., pub.); 10 (for., rec., pub.)

Manganese 3,6,7,14 3 (for., rec., pub.); 4 (for., rec.); 6 (for.,

rec., pub.); 7 (for., rec.); 10 (for., pub.); 14
(for., rec., pub.)

PCBs-coplanar 3,4,5,6, 15 3 (for., rec., pub.); 4 (for., rec.); 5 (for.,
rec.); 6 (for., rec., pub.); 13 (for., rec.);
15 (for., rec., pub.)

Thallium 3 3 (for., rec., pub.)
Tin 7 7 (for., rec.)
Titanium 6 6 (rec.)

Notes:

Pathway 2 = residential home gardener

Pathway 3 = child ingesting sewage sludge

Pathway 4 = human ingesting animal products
Pathway 6 = livestock ingesting forage/pasture
Pathway 7 = livestock ingesting sewage sludge
Pathway 10 = soil organism predators ingesting soil organisms
Pathway 12 = humans ingesting surface water and fish
Pathway 13 = humans inhaling volatilized pollutants
Pathway 14 = humans ingesting groundwater

Pathway 15 = breastfeeding infant

for. = forest land

rec. = reclamation site

pub. = public contact site
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EXHIBIT 5-2
Pollutants with Critical Surface Disposal Pathways

Pollutant Surface Impoundments
Antimony Groundwater
Barium Groundwater
Beryllium Groundwater
Dioxins and Air
Dibenzofurans ‘

Manganese Groundwater

From Exhibits 5-1 and 5-2, it is evident that the organic candidate pollutants dioxins and
dibenzofurans as well as coplanar PCBs have more critical pathways than the inorganic candidate
pollutants, except for manganese, which has the same number of critical pathways. These two
organic pollutant candidates are recommended to be included on the list of pollutants for the
Round Two regulation. The Agency has decided not to recommend including any of the
inorganic pollutants on the list for the Round Two regulation, however. The justifications for
that decision are presented in Appendix D on a pollutant by pollutant basis.
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6. LIST OF POLLUTANTS FOR THE ROUND TWO REGULATION
SUBMITTED TO THE COURT

In May, 1993, the Agency submitted a list of 31 pollutant candidates for the Part 503
Round Two regulation to the District Court in Oregon. A copy of the court notice is presented
in Appendix D1. On November 30, 1995, EPA submitted the final list of pollutants for the Part
503 Round Two regulation to the court. A copy of that court notice is presented in Appendix
D2.

After considering the results of the Comprehensive Hazard Identification, the analysis of
pollutants that warranted further consideration, and information received from others, EPA
concluded that two pollutants should be on the list for each use or disposal practice. They are:
dioxins/dibenzofurans (all monochloro to octachloro congeners) and polychlorinated biphenyls
(coplanar). The court notice indicates that EPA may, in the exercise of its discretion, determine
to add or delete other pollutants to or from this list at the time the Round Two regulation is

proposed.

In addition to the list of pollutants submitted to the court, EPA may change a limit for
any of the pollutants in the Round One regulation during development of the Round Two
regulation. For this reason, the Round One pollutants also are considered pollutants for the
Round Two regulation.

Including the pollutants from Round One regulation, the list of pollutants for the Part 503
Round Two regulation by use or disposal practice is:

Land application
arsenic, cadmium, copper, lead, mercury, molybdenum, nickel, selenium, zinc,
dioxins/dibenzofurans, and coplanar polychlorinated biphenyls

Surface disposal
arsenic, chromium, nickel, dioxins/dibenzofurans, and coplanar polychlorinated

biphenyls

Sewage sludge incineration
arsenic, beryllium, cadmium, chromium, lead, mercury, nickel, dioxins/
dibenzofurans, and coplanar polychlorinated biphenyls

Dioxins/dibenzofurans and coplanar polychlorinated biphenyls were included on the list
of pollutants for sewage sludge incineration even though they were regulated under the Total
Hydrocarbons operational standard in Round One. EPA currently is conducting a reassessment
of dioxins/dibenzofurans. Because the results of this assessment are unknown,
dioxins/dibenzofurans were included on the Round Two list of pollutants for all use or disposal
practices. At the completion of the dioxin reassessment, EPA may decide not to regulate
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dioxins/dibenzofurans for a particular use or disposal practice or may decide to regulate
dioxins/dibenzofurans on an accelerated schedule.
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APPENDIX A

ANALYSIS OF POLLUTANTS DETECTED
LESS THAN TEN PERCENT OF THE TIME



Introduction

EPA conducted two screening analyses to determine if any of the 69 pollutants
detected less than ten percent of the time in sewage sludge might still pose an unacceptable
risk to human health. For the first screening analysis, EPA used the algorithms from
agricultural Pathway 3. This pathway tends to result in high risk because small children are
directly ingesting sewage sludge, without any of the mitigating influences of degradation.
dilution, etc. found in other pathways. For the second screening analysis, EPA evaluated
other pathways for pollutants with relatively large cancer potency slopes, or q,* values.

To conduct these analyses, human toxicity data were needed. Exhibit A-1 presents
the available human toxicity data for the 69 pollutants as well as each pollutant’s frequency
of detection, as measured in the 1988 National Sewage Sludge Survey (U.S. EPA, 1989a).

Screening Analysis Based on Pathway 3

To calculate exposure from agricultral Pathway 3, the only pollutant-specific data
required is the pollutant’s concentration in sewage sludge, as described in Section 4.2.3.
EPA chose to use 98th percentile pollutant concentrations with non-detects set equal to the
minimum detection level. The Agency did not use 99th percentile concentrations because
such estimates are not as statistically meaningful when pollutants are only detected a few
percent of the time. For the non-pollutant-specific data required for this analysis, a sewage
sludge ingestion rate of 0.2 g/day, a body weight of 16 kg, and an exposure duration (for
cancer) of 5/70 were used.

To calculate risk, either an oral Risk Reference Dose (RfD) or an oral q,* value was
needed. Of the 69 pollutants detected less than ten percent of the time, 49 had at least one
of these estimates of toxicity. Six of these pollutants had already been evaluated for Pathway
3 in Round One. and so were not considered further: aldrin, dieldrin, benzo(a)pyrene, DDT,
DDE, and trichloroethene. For the remaining 43 pollutants, EPA estimated risk. For those
pollutants with an oral RfD value, the ratio of exposure to RfD was calculated. For those
pollutants with an oral q,” value, the risk of cancer was estimated. These results are
presented in Exhibit A-2.

As shown in Exhibit A-2, for all but one of the 43 pollutants analyzed, the ratio of
exposure to RfD was below one and the cancer risk was below one in 100,000. For 2-
picoline, the ratio of exposure to RfD was five. EPA chose to not evaluate 2-picoline
further, however, because it was only detected one percent of the time in the 1988 NSSS.
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Screening Analysis Based on Cancer Potency Slopes

The second screening analysis EPA conducted consisted of identifying those pollutants
with relatively high cancer potency slopes. As shown in Exhibit A-1, four pollutants. aldrin,
dieldrin, heptachlor epoxide, and benzo(a)pyrene, have relatively large q,” values. These
pollutants were evaluated further.

Although aldrin and dieldrin are both insecticides, they are often evaluated together,
as aldrin/dieldrin, because dieldrin is an environmental degradation product of aldrin. In
addition, aldrin and dieldrin have the same human health toxicity values. In Round One.
aldrin/dieldrin were evaluated for Pathways 1 through 11, but not 12, 13, or 14.

Given the log(K,,) value for dieldrin is greater than five, aldrin/dieldrin might pose
an unacceptable risk by sorbing to particles that subsequently erode and enter a stream.
Aldrin/dieldrin is not expected to leach significantly to groundwater, given the high log(X,,)
value. However, aldrin/dieldrin might also pose an unacceptable risk through volatilization.
Therefore, EPA evaluated risks from Pathway 12 and Pathway 13 for aldrin/dieldrin using
the assumptions and equations presented in Sections 4.2.12 and 4.2.13, respectively.

To correspond to the methods used in the Comprehensive Hazard Identification
exercise, the 95th percentile pollutant concentrations with the non-detect values set equal to
the minimum detection level were used. The pollutant-specific data for both pathways are
presented in Exhibit A-3. '

EXHIBIT A-3
Pollutant-Specific Data Required for Pathways 12 and 13
Parameter Aldrin/Dieldrin
95th percentile concentration (mg/kg) 0.0486!
log (K,,) 5.48?
K, (L/kg) 1173°
Henry’s Law constant (atm-m>/mol) 1.1x10°@
Ko (y11) 0
Diffusivity in Air (cm?/sec) 4x102®
BCF (L/kg) 3400°
FM (dimensionless) 10

! Composite aldrin/dieldrin concentration from 1988 NSSS.
* Schwarzenbach et al., 1993,

? Calculated using equations in Section 4.2.12,

* Howard, 1991.



Results of the analysis are presented in Exhibit A-4 for Pathway 12 and Exhibit A-5
for Pathway 13. For Pathway 12, the individual cancer risks range from 7x10° for
reclamation sites to 2x10°® for other land application sites. For Pathway 13, individual cancer
risks range from 9x10° for agricultural land to 1x10° for reclamation sites.

EXHIBIT A-4
Individual Cancer Risks for Aldrin/Dieldrin from Pathway 12
Agricultural Land Forest Reclamation Site Public Contact
Site
2x10% 2x10® 7x10° 2x10%
EXHIBIT A-5
Individual Cancer Risks for Aldrin/Dieldrin from Pathway 13
Agricultural Land Forest Reclamation Site Public Contact
Site
9x10°8 4x107 1x10 2x107

For heptachlor epoxide, the individual risk for a child directly ingesting sewage sludge
(Pathway 3) was calculated above to be 9 x 107 (Exhibit A-2). Given the low magnitude of
the risk, this pollutant was not evaluated further.

Benzo(a)pyrene was fully evaluated for all land application pathways in Round One
except Pathway 11 (tractor driver). Benzo(a)pyrene cannot be considered further in Round
Two for Pathway 11, however, because there is not a Threshold Limit Value for this pollutant
to be evaluated under Pathway 11.
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I. INTRODUCTION

In February, 1993, the Environmental Protection Agency (EPA) promulgated limits for nine toxic
pollutants in sewage sludge. These limits which were issued by EPA under the authority of
section 405(d) Clean Water Act, as amended, are referred to as the "Round One" sewage sludge
regulation. In May, 1993, the EPA submitted to the court a list of 31 candidate pollutants for
"Round Two" regulations. This report presents percentile estimates used to develop the list of
pollutants for Round Two of the Part 503 Regulation. All elements, compounds, or solids
physically measured will be referred to in this report as pollutants. The term pollutant is used
here to mean only that a substance, in certain quantities, could cause harm to human health or the
environment; not that it will cause harm to human health or the environment. )

Data analyzed to produce these pollutant concentration percentile estimates are from the EPA's
1988 National Sewage Sludge Survey (NSSS). Section II briefly describes the NSSS. Data
conventions are presented in Section III. Section IV provides the statistical methodology
employed to produce the percentile estimates. And finally, Section V presents tabulated percentile
estimates. :

II. EPA's 1988 NATIONAL SEWAGE SLUDGE SURVEY

To support Round One and Two regulatory development efforts, the EPA's 1988 NSSS collected
sewage sludge quality and pollutant occurrence data from a national probability sample of Publicly
Owned Treatment Works (POTWs) practicing at least secondary treatment of wastewater.
Operationally, secondary treatment was defined as a primary clarifier process followed by
biological treatment and secondary clarification. In 1988, 11,407 POTW:s in the 50 States, Puerto
Rico, and the District of Columbia met this criteria.

A statistical probability sample of 208 POTWs in the contiguous states and the District of
Columbia comprised the analytical component of the 1988 NSSS. These POTWs were randomly
drawn from secondary or higher treatment POTWs which were categorized into one of four strata
based on their average daily flow rate. These strata are defined as follows:

1) Flow greater than 100 million gallons per day (MGD)

2)  Flow more than 10 MGD but less than or equal to 100 MGD
3)  Flow more than 1 MGD but less than or equal to 10 MGD
4) Flow less than or equal to 1 MGD.

EPA contract personnel collected sewage sludge samples from 180 POTWs in the analytical
component of the NSSS. Samples were collected just prior to use or disposal of the sewage
sludge. All sample collection and preservation was conducted according to protocol. Contract
laboratories analyzed each sewage sludge sample for 412 analytes. EPA adapted analytical
methods 1624 and 1625 to allow volatile and semi-volatile organic analytes to be quantified from
the sewage sludge matrix. Pesticides and polychlorinated biphenyls (PCBs) were quantified

1



according to EPA method 1618; method 1613 measured dibenzofurans and dioxins; metals, other
inorganics, and classicals were quantified according to standard EPA methods. All chemical
analysis methods were either developed, chosen, or adapted to allow for the most reliable and
accurate measurement of the 412 analytes in the sewage sludge matrix.

A more detailed discussion the NSSS sampling plan, POTWs, and data is included in a November,
1992 final report entitled "Statistical Support Documentation for the 40 CFR, Part 503 Final

Standards for the Use or Disposal of Sewage Sludge."”
. DATA CONVENTIONS

A total of 208 POTWs were selected for sampling as part of the analytical component of the 1988
NSSS. However, 32 POTWs were excluded from the statistical analyses because sewage sludge
samples were not obtained after the completion of secondary treatment of wastewater. POTWs that
were selected for the NSSS but excluded from the statistical analyses are listed on Table 1. The
EPISODE number listed on Table 1 designates the POTW's identification number in the analytical
survey. An episode number of "0" indicates that the POTW was selected for sampling as part of
the analytical-probability sample but samples of sewage sludge were not collected.

The reported national pollutant concentration estimates were calculated from a sample of 176
POTWs. These estimates apply to a population of 7,750 POTWs that practiced at least secondary
treatment of wastewater during 1988. Pesticides were not quantified for SurveyID 35-38-348
(Episode=1565.) Therefore, estimates for pesticides reported on the tables result from a sample
of 175 POTW:s and are projected to a population of 7,720 POTWs in the Nation. Sewage sludge
samples from SurveyIDs 23-07-036 (Episode=1554) and 35-05-012 (Episode=1561) were not
analyzed for the dioxin/furans. Therefore the dioxin estimates, generated from a sample of 174
POTWs, apply to a population of 7,714 POTWs. Adjusted stratum weights for each sample size
are tabulated below.

ADJUSTED WEIGHTS for STRATA (w,) by Sample Size

STRATUM Sample size = 174 Sample size = 175 | Sample size = 176
1 27/7,714 27/7,720 27/7,750
2 301/7,714 307/7,720 307/7,750
3 1,838/7,714 1,838/7,720 1,868/7,750
4 5,548/7,714 5,548/7,720 5,548/7,750




In the NSSS, if a pollutant was measured above the Minimum Level, as adjusted for interferences,
then the measure is considered a detection. In the August, 1989 document titled "Analytical
Methods for the National Sewage Sludge Survey,” the EPA's Industrial Technology Division
defines 2 Minimum Level for pollutants quantified by gas chromatography combined with mass
spectrometry (GCMS) as the level at which " the entire analytical system shall give recognizable
mass spectra and acceptable calibration points.” For elemental pollutants, the Minimum Level
is defined as "the minimum concentration of substance that can be measured and reported in 99%
confidence that the value is above zero." The final report for Round One Part 503 regulations
refers to the Minimum Level as "roughly equivalent to the minimum concentration or amount of

pollutant that could be measured.”

If a pollutant was not measured above the Minimum Level, then estimates were generated using
two substitution methods. One set of estimate were produced using the value of the Minimum
Level for those samples for which the pollutant was considered to be an non-detect. The second
set of estimates substituted zero for pollutant concentration value for those samples from which
a pollutant was not quantified above the Minimum Level. Tabulated results identify the
substitution method employed for the reported set of estimates.

Prior to calculating the estimates, pollutant concentrations were aggregated on a POTW basis to
form one concentration value per POTW for each pollutant. Field duplicate samples were
averaged together. For POTWs with multiple treatment trains, sample measurements on poilutant
concentrations were averaged together, using a weighted average based on the dry weight of
sewage sludge disposed by the treatment train associated with each sample. Primary samples were
dropped from analysis. The quality of these primary sludges is different than that associated with
secondary treatment. Because the percent solids in sampled sewage sludge ranged from less than
one percent to 100 percent, reported pollutant concentrations were transformed to dry weight units
as a function of the sample's percent solids. This transformation allows a standardized basis for
evaluating pollutant loads. Implicit is the assumption that pollutants are associated with the solid
phase of sewage sludge.

The dioxins and furans are reported individually and in aggregate. Aggregates were
mathematically created using the following method. After each congener was aggregated on a
POTW basis, the concentration of the congener for each POTW was multiplied by the congener's
corresponding 1989 NATO Toxicity Equivalence Factor (TEF.) The TEF's which are based on
the toxicity of 2,3,7,8 TCDD are listed in Table 2 . The resulting TEF adjusted values were then
summed over all congeners for each POTW to create the POTW composite dioxin concentration.
Two conventions were used to determine if composite dioxin was a detect for a POTW. For the
first convention, the composite dioxin was considered a detect if all of the individual congeners
were detected above the Minimum Level. The estimate for this method is designated on the tables
as "dioxin"." For the second method of determining a detection for the composite dioxin, the
composite dioxin was considered a detect if at least one of the individual congeners was detected
above the Minimum Level. This estimate is designated "dioxin®." TEF adjusted estimates of the
individual congeners appear in Section V.



PCBs were also mathematically aggregated. These aggregates were generated as described above
with the exception that the individual PCB's were not multiplied by a toxicity equivalence factor.

Iv. STATISTICAL METHODS

Percentile estimates were calculated using the nonparametric, weighted cumulative distribution
function (CDF) technique. Denote the dry weight concentration of a given pollutant in the
sampled sewage sludge from the j* POTW in the i* survey flow stratum as X;. The values of the
variable X, were then sorted in order of increasing concentration. The values of the adjusted
survey weights (w;) associated with the ordered values of X are then summed until the first

occurrence of p.

If X, is defined as the concentration of the p™ percentile then,

4
X, = F(X)2p where F(X) = 1}:1 w.F, (X)

with

and IX; <x) =1ifX;<xforx 20
= 0 otherwise.

To determine the pollutant concentration associated with the p® percentile, an inverse function was
applied to the cumulative distribution function. Define the p® percentile as Fx(x,) such that
P[X<x,] 2p/100. The inverse of this function F'(p), is the smallest value of x satisfying Fy(x)2p
where p is the desired percentile point (P) divided by 100.

Because the cumulative distribution created by application of the formula in the previous section
is empirical, integer valued percentile points are not always realized in the data. The convention
applied to determine the concentration associated with the p® integer percentile from the empirical
distribution function was to determine the smallest concentration value x such that Fy(x) > p. This
value was denoted X, and is the Q" ordered concentration. The next smallest concentration from
X,+, OF the concentration associated with the (g-1)st ordered concentration was then defined. The
concentration value for the p® percentile was obtained using linear interpolation between the q®
and (g-1) values.

Nonparametric estimates of pollutant concentration means and standard deviations are also
reported in the tables. Retaining the definition of X as the dry weight concentration of a given

4



pollutant in the sampled sewage sludge from the j* POTW in the i® survey stratum and w; as the
adjusted survey weight for the i*® stratum, then the mean pollutant concentration was estimated as

listed on the next page.

n

4 il le

E(X) = Y wIi .
i=1 nij

The pollutant concentration standard deviation was estimated as the square root of the method of
moments estimator of the variance. That is:

4 LITED G /z
b ]

VX))t =
i=1 j=1 .n".-7

V. POLLUTANT CONCENTRATION PERCENTILE ESTIMATES

Tables 3 and 4 present pollutant concentration percentile estimates for pollutants from the 1988
National Sewage Sludge Survey (NSSS.) Taking into account the individual dioxin and furan
congeners and the PCB aroclors, Tables 3 and 4 present concentration estimates for 353
pollutants. The listing of pollutants is ordered by percent detection. The ordering is from highest
to lowest detection rates in the nation. Excluded from this listing are the metals regulated in
Round One, and the 42 semiquantitative metals listed on Table 5. Of the 42 semiquantitative
metals, 36 had no quantitative measurements recorded in the NSSS database. Of the remaining
six, potassium and iodine had one recorded measure while silicon, strontium, and sulfur had
measurements recorded for two samples. All other samples were missing measurements. This
precluded estimation of pollutant concentrations. Estimates of phosphorus concentrations were
generated from data collected using colorimetric method 365.2 as reported in EPA's August, 1989
" Analytical Method for the National Sewage Sludge Survey."

For each pollutant, the tables report the following: pollutant type, unit of measure, sample size,
an estimate of the national percent detect, mean, standard deviation, the observed maximum, and
the 99, 98®, 95, 90" and median percentiles estimated from empirical national, cumulative
distributions of pollutant concentrations. The column labeled "Sample size" records the number
of POTWs in the NSSS from which data were used to generate the reported estimates.

Table 3 is subtitled "Nonparametric Substitution Method Estimation Procedure - Nondetects Set
to the Minimum Level." The nonparametric estimation procedure is that described in Section IV.

5



The substitution of nondetects set to Minimum Levels indicates that Minimum Level of a pollutant
was used in the estimation procedure for those samples that were not quantified above the
pollutant's Minimum Level of detection. Estimates on Table 4 were generated using the value
zero for samples from which a pollutant was not quantified above the Minimum Level.

Tables 3 and 4 indicate that there are 45 tested pollutants detected at an estimated national rate of
ten percent or higher from sewage sludge resulting from secondary or higher treatment of
wastewater in 1988. EPA used this list of pollutants in conjunction with human health and
ecological toxicity data to select the 31 candidate pollutants for Round Two regulation.



TABLE 1.

LISTING OF POTWS EXCLUDED FROM PERCENTILE ESTIMATION

]

FLOW
SURVEYID | EPISODE REASON STRATUM
12-49-455 0 Ineligible/Out of Business 1
21-25-234 0 Not sampled 2
25-38-345 Q Ineligible/Out of Business 2
25-50-472 1386 Only primary sludge sampled 2
31-18-140 1477 Data not entered into database 3
31-23-206 1398 Only primary sludge sampled 3
41-24-215 0 Not sampled 4
41-36-312 0 Not sampled 4
45-02-005 0 Wastewater Stabilization pond 4
(WWSP)
45-11-064 0 WWSP 4
45-13-083 0 WWSP 4
45-13-089 0 WWSP 4
45-14-092 0 WWSP 4
45-15-112 0 WWSP 4
45-16-130 0 WWSP 4
45-17-131 0 WWSP 4
45-19-154 0 WWSP 4
45-23-208 0 WWSP 4
45-24-220 0 WWSP 4
45-25-229 0 Ineligible/Out of Business 4
45-25-231 0 WWSP 4
45-26-237 0 WWSP 4




45-28-246 0 WWSP 4
45-29-248 0 WWSP 4
45-30-253 0 WWSP 4
45-37-339 0 Not sampled 4
45-42-387 0 Ineligible/Out of Business 4
45-42-392 1488 Ineligible/Out of Business 4
45-45-415 0 WWSP 4
45-45-423 0 Not sampled 4
45-50-463 0 Not sampled 4
45-50-474 0 WWSP 4
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TABLE 5

SEMIQUANTITATIVE METALS in the NATIONAL SEWAGE SLUDGE SURVEY

[ [ e
7440699 BISMUTH | 7440046 STRONTIUM
7440451 CERIUM 7704349 SULFUR
7429916 DYSPROSIUM 7440257 TANTALUM
7440520 ERBIUM 13494809 TELLURIUM
7440531 EUROPIUM 7440279 TERBIUM
7440542 GADOLINTUM 7440291 THORIUM
7440553 GALLIUM 7440304 THULIUM
7440564 GERMANIUM 7440337 TUNGSTEN
7440575 GOLD 7440611 URANIUM
7440064 PLATINUM 7440031 NIOBIUM
7440097 POTASSIUM 7440644 YTTERBIUM
7440100 PRASEODYMIUM 7440042 OSMIUM
7440155 RHENTUM 7440677 ZIRCONTUM
7440166 RHODIUM 7440053 PALLADIUM
7440188 RUTHENIUM 7723140 PHOSPHORUS
7440199 SAMARIUM 7553562 ~ IODINE
7440202 SCANDIUM 7439885 IRIDIUM
7440213 SILICON 7439910 LANTHANUM
7440586 HAFNIUM 7439932 LITHIUM
7440600 HOLMIUM 7439943 LUTETIUM
7440746 INDIUM 7440008 NEODYMIUM

46




	4 1-24-2 15 0 Not sampled
	4 1-36-3 12 0 Not sampled
	45-1 1-064 0 WWSP
	45- 13-083 0 WWSP
	45-13-089 0 WWSP

	45- 14-092 0 WWSP
	45-15-1 12 0 WWSP

	45-16- 130 0 WWSP
	45- 17- 13 1 0 WWSP
	45- 19- 154 0 WWSP
	45-23-208 0 WWSP
	45-24-220 0 WWSP
	45-25-229 0 Ineligiblelout of Business

	WWSP
	WWSP


